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Description 

(0001 ] The present invention relates to the use of pure antiglucocorticoids tor the treatment or prof ilaxrs of diseases 
associated to an excess of glucocorticoids. In particular, the invention relates tothe use of 21 -hydroy-6.1 9-oxidoproges- 

s terone (21 OH-60P) for treating Cushing's syndrome or depression. 

[0002] Cushing's syndrome or pituitary basophilism is a disorder resulting from increased adrenocortical secretion of 
Cortisol. Hyperfunction of the adrenal cortex may be ACTH-dependent or it may be independent of ACTH regulation, 
eg, production of Cortisol by an adrenocortical adenoma or carcinoma. The administration of supraphysiologic quanti- 
ties of exogenous Cortisol or related synthetic analogs suppresses adrenocortical function and mimics ACTH-independ- 

10 ent hyperfunction. ACTH-dependent hyperfunction of the adrenal cortex may be due to hypersecretion of ACTH by the 
pituitary, secretion of ACTH by a nonpitu'rtary tumor such as small cell carcinoma of the lung (the ectopic ACTH syn- 
drome), or administration of exogenous ACTH. White the term Cushing's syndrome has been applied to the clinical pic- 
ture resulting from Cortisol excess regardless of the cause, hyperfunction of the adrenal cortex resulting from pituitary 
ACTH excess has frequently been referred to as Cushing's disease, implying a particular physiologic abnormality. 

15 Patients with Cushing's disease may have a basophilic adenoma of the pituitary or a chromophobe adenoma. Microad- 
enomas can usually be visualized by CT or, preferably, MRI scan, using a high-resolution technique augmented by 
gadolinium. Some microadenomas are difficult to visualize even with these modalities. 

[0003] In some cases, no histologic abnormality is found in the pituitary despite clear evidence of ACTH overproduc- 
tion. 

20 [0004] Reference to Cushing's syndrome is herein intended to mean the clinical picture resulting from Cortisol excess 
regardless of the cause, which may be also iatrogenic, both by the injection of ACTH or by the direct administration of 
Cortisol or synthetic analogs such as prednisone, prednisolone, dexamethasone or others that are widely used in vari- 
ous types of diseases including alergic, asthmatic, inflammatory or immunologic. 

[0005] Cushing's syndrome includes in addition adrenal tumours secreting corticoids, ectopic ACTH production and 
25 Cushing's disease. 

[0008] Clinical manifestations include rounded "moon" fades with a plethoric appearance. There is truncal obesity 
with prominent supraclavicular and dorsal cervical fat pads ("buffalo hump"); the distal extremities and fingers are usu- 
ally quite slender. 

[0007] Musde wasting and weakness are present. The skin is thin and atrophic, with poor wound healing and easy 

30 bruising. Purple striae may appear on the abdomen. 

[0008] Hypertension, renal calculi, osteoporosis, glucose intolerance, reduced resistance to infection, and psychiatric 
disturbances are common. Cessation of linear growth is characteristic in children. Females usually have menstrual 
irregularities. An increased production of androgens, in addition to Cortisol, may lead to hypertichosis, temporal balding, 
and other signs of virilism in the female. 

35 [0009] To-date, the only therapeutical application for antiglucocorticoids (ag. Mifepristone) that has been attempted 
in a clinical setting is to treat inoperable cases of nonpituitary Cushing's syndrome. In the case of Mifepristone (both an 
anti-progesterone ad an anti-glucocorticoid], a very high dose (20-800 mg per day) is needed for the effectiveness in 
this indication. 

[0010] The glucocorticoid receptor (OR), cloned in 1985 (1). is member of a protein super family of dosely related 
ao intracellular receptors which function as ligand-activated transcription factors (2). Steroid tigands which are able to acti- 
vate GRs and trigger a biological response exhfort a slightly torsioned steroid nucleus at the A/B-ring junction for optimal 
glucocorticoid (GC) activity (3,4). On the other hand, mineralocorticoid (MG) agonists require an overall flat conforma- 
tion to acquire sodium-retaining activity (5). The mineralocorticoid receptor (MR), cloned by Arriza et a!. (6) in 1987, 
showed to be highly homotogus with GR. Due to that considerable homology, it was not too surprising that natural and 
45 even synthetic steroids exhibited cross-reaction between GR and MR. The progesterone receptor (PR) is the third 
member of a subfamily of these highly related steroid receptors. Its natural iigand, progesterone, exh foits cross-reaction 
with both MR and GR. 

[001 1 ] Employing a systematic application of strategies to increase activity and decrease crossreactivity and under- 
sirable side effects, impressive progress has been reported in the development of new antihormonal agents with greater 
so potency and selectivity, especially in the antiestrogen and antiandrogen fields. 

[0012] The development of selective anti-corticoids is more restricted. Reference can be made to steroids of the 
spironolactone family which are used in therapeutics. 

[0013] Those inhibitors seem to belong to the class of rapidly dissociating anti-MCs (7). Another synthetic steroid 
described as an anti-MC. ZK91587, shows specific binding properties for kidney (8) and hippocampus type I MR (9). 
55 but not for type II GR. It may therefore be conveniently useful as a tool in the investigation of MR function in tissues con- 
taining both receptor systems. 

[0014] A long-lasting search for the GC antagonist finally succeeded with the development of the 1 ip-aminophenyt- 
substituted 19-norsterotd RU38486, later shortened to RU486, in the early 80's (10). It soon became apparent, how- 



2 



EP0 903146A1 



ever, that this compound also possessed strong antiprogestin activity, which led to its applications as a contracep- 
tive/contragestive agent (11). Avoiding cross-reactions between GR and PR is still an unachieved goal for 
pharmacologists. 

[0015] We have now found that the synthetic steroid. 2 1 -hydroxy-6, 1 9-oxidoprogesterone (210H-60P. I). 
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is a selective antiglucocortiooid which is unable to cross-react with uterus- PR or kidney-MR. The new structure has 
been developed as a result of systematic studies on MC potencies on a series of 21 -deoxysteroids, among which the 
highly bent -6,1 9-oxidoprogesterone (60P- Figure 1) exhfoited practically no Na+ retaining properties (5). 
[001 6] Preliminary studies also showed lack of GC properties for this steroid. The 21 -hydroxy introduced group into 
its structure conferred anti-GC properties to the 6, 19-oxidopregnane skeleton. 

[001 7] The pure antiglucocortiooid of the present invention is, therefore, used in the treatment of diseases associated 
to an excess of glucocorticoids, where an antiglucocortiooid virtually lacking mineralocorticoid or glucocorticoid proper- 
ties as well as affinity for MR or PR is highly desirable. In particular, the antigtucocorticoid of the present invention is 
used for the treatment of Gushing syndrome and depression, which are associated with an excess of glucocorticoids in 
the body. 

[0018] The present invention, thus, provides 21 -hydroxy-6, 19-oxidoprogesterone of Formula I for use as a medica- 
ment. 

[0019] It is a further object of the present invention the use of 21-hydroxy-6,19-axtdoprogesterone of Formula I in the 
manufacture of a medicament for the treatment or prophylaxis of diseases associated to an excess of glucocorticoids. 
[0020] Preferably, the compound of Formula I is used in the manufacture of a medicament for the treatment of Cush- 
ing's syndrome, iatrogenic hypercortisolism or depression. 

[0021 ] The compound of Formula I may be formulated in accordance with usual steroid formulations with one or more 
suitable carriers thereof. 
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Figure 1: Most stable conformer of 2 1 -hydroxy-6, 1 9-oxidoprogesterone (210H-60P): Geometry optimizations 
were carried out with AMPAC 5.0 (Semichem) using the AMI semiempirical method. 

Fi gure 2: Binding Properties of 210H-60P: Displacement curves of 5 nM ( 3 H)-B and increasing amounts of unla- 
beled steroid were performed for 12 h at 0°C using the following binding proteins: Panel A: thymus cytosol (6.0 mg 
protein/ml); Panel B: partially purified (Example 1. Materials and Methods) CBG (I mg protein/ml); Panel C: shows 
the competition of unlabelted steroids with 5 nM ( 3 H)-ALDO for kidney cytosol (10 mg protein/ml) in the presence 
of 1 .0 \iM RU28362 to prevent cross-reactions with GRs. 

Figure 3: Biological Properties of 210H-60P: A) Glycogen storage in vivo: 100 \ig steroid/1 OOg body weight of 
male rats were irgected as indicated in Example 1. Liver glycogen was purified and quantified with Krisman's rea- 
gent (17). Controls were injected with vehicle Results are expressed as means ± SEM (n=6). (*): different from 
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controls P < 0.02. B) TAT induction in vitro: rat hepatocytes were incubated for 5 h in HAM-F12 medium in the pres- 
ence of 100 nM steroid and TAT activity was measured. 

Results are expressed as percentage of enzyme activity (means ± SEM n«4) over controls incubated in the 
presence of vehicle. (*) different from controls P < 0.01. C) 

s Sodium-retaining activity: adrenalectomized rats were treated with the indicated dose of steroids. Results are 

expressed as the ratio of sodium-excretion rates of steroid-injected animals to the exaction rates of rats injected 
with vehicle. The figure shows one representative experiment performed with five rats per dose assayed. 
Figure 4: 210H-60P shows antagonist effect on TAT induction: TAT activity was induced in hepatocytes by 100 nM 
DXM (black bars) or 100 nM B (white bars), in the absence (control) or in presence of 2.5 \M 60P (+ GOP) or 

10 210H-60P (+ 210H-60P). Hatched bars represent incubations performed in the presence of vehicle instead of 
agonist Only TAT stimulation by DXM and B in incubations marked with asterisk (control and + 60P) are signifi- 
cantly different (P < 0.01) from the basal activity. Results show means 1 SEM (n=4). 

Figure 5: 21QH-6QP does not cross-react with progesterone receptor: ( 3 H)-P 4 binding to uterus cytosols (2.5 mg 
proteinAnl) in TEGM was performed according to Jordan and Dix (16) for 12 h at 0°C, in the presence of different 
15 amounts of unlabelled competitors. 

[0023] The invention will now be described, by way of iOustration only, with reference to the following examples: 

EXAMPLE 1 

20 

MATERIALS AND METHODS 

[0024] Reagents : Aldosterone (ALDO). cortcosterone (B). progesterone (P4), and dexamethasone (DXM) were pur- 
chased from Sigma Chemical Co. (St. Louis, MO). 6,19-oxidoprogesterone (6OP) and its 21-hydroxylated derivative 
25 (21OH-60P) (Formula 1) were synthesized as previously descrbed (12) and (13), respectively. ( 3 H)-Corticosterone 
(SA- 80 Ci/mmol). ( 3 H)-ALDO SA« 59 Ci/mmol), ( 3 H)-P, (S.A.= 90Ci/mmol). and ( 3 H)-ZK91587 (S.A. = 86.5 Ci/mmol) 
were purchased from New England Nuclear (Boston, MA). RU28362 was received from Roussel/Uclaf (Romainvine, 
France). All reagents used were analytical grade. 

[0025] Binding Assay : Adrenalectomized male Sprague-Dawley rats were bled to death by heart puncture. Cold 0.9% 
30 NaCI was injected profusely through the aorta until organs were completely blanched. Thymuses were used as a 
source of OR and kidneys as a source of MR. Homogenization and incubation conditions were performed as previously 
described. (14) and (15), respectively. Briefly, homogenates performed in cold TEGM buffer at pH 7.4 (0.1 M Tris-HCI. 
10 mM EDTA, 10 mM p-mercaptoethanol. 20 mM NagMoO^ 25 % glycerol, 0.1 mM PMSF. 2.0 TlU/ml aprotinin and 1 
mg% Leupeptin) were centrrf uged at 37,000 rev. for 30 min at 0°C. Supenatants from this centrifugation are referred to 
35 as "cytosol". Thymus or kidney cytosols were incubated 12 h at 0°C in the presence of 5 nM Cfy-B or ( 3 H)-ALDO, and 
increasing amounts of unlabelled steroids. ( 3 H)-P4, binding to uterus PR was assayed on immature female rats accord- 
ing to Jordan etal (16). 

[0026] 1 .0 iiM RU28362 was added to kidney- cytosols to impede ( 3 H)-ALDO cross-reacting with GR. and 1 jiM Cor- 
tisol (F), to uterus* cytosols to prevent ( 3 H)-P 4 cross-reactions with GR and transcortin (CBG). Relative binding affinity 

40 (RBA) for partially purified CBG was determined by steroid competition for ( 3 H)-B binding as described previously (14). 
[0027] Bioassav : Liver glycogen deposition was measured on adrenalectomized male Sprague-Dawley rats (1 80-220 
g) as follows: steroids were dissolved in ethanol/propylene glycol/0.9% Nad solution (3:3:34) and 100 *ig steroid/100 g 
body weight were injected i.m. the previous night. On the morning of the experiment this dose was reinjected intraperi- 
toneal^. Three hours later the rats were killed by cervical dislocation and livers were immediacy removed. Glycogen 

46 purification and quantification were carried out according to Krisman's method (17). Na* -retaining properties were 
measured as described (5). Tyrosine aminotransferase (TAT) was induced in rat hepatocytes isolated by the procedure 
of Fry et aJ (18). TAT activity was determined according to Granner and Tomkins (19). 

RESULTS 

so 

[0028] Figure 2 shows the binding properties of 210H-SOP to GR from rat thymus (panel A). CBG partially purified 
from rat plasma (panel B), and MR from rat kidney (panel C). The displacement curve of 6,19-oxidoprogesterone is 
included for comparative purposes. 

[0029] This steroid exhibits a moderate RBA for GR (125 nM) and a low RBA for CBG (1.27 nM). (Kd values in parerv 
55 theses). It does not compete efficiently with ( 3 H)-ALDO for MR, even when a thousandfold excess was added. The 
introduction of a functional hydroxy! group at 21 increased binding properties of 60P to GR over 40 times, and binding 
to CBG, hundred times. This introduction does not improve the binding of the 6, 19-oxidopregnane skeleton to MR, 
(panel 2-C). 
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[0030] Figure 3 shows biological properties using in vitro as well as in vivo methodology. Compared to ADX controls, 
DXM or B produce between three and four times more liver glycogen deposits and increases by a factor of five to is 
times TAT activity. In site of increasing RBA for GR. the 21-hydroxylation was unable to trigger GC-responses. In effect 
Figs. 3-A and 3-B show the neither 60P nor 210H-60P evoke these responses. 210H-60P is almost devoid of MC 
s properties compared with the already weak Na + - retainer 60P (Rg.3-C). Like other weak Na+ retainers. 60P and 
210H-60P exhibit a parabolic dose-response function with maxima of 40% retention for 210H-60P and 50% for 60P 
at high doses, then loosing activity at still higher doses (see also 51). 

[0031] To study the binding of ALDO to kidney- MR without the competitive influence of the relatively more abundant 
GR, GR was removed with the specific tigartd RU28362 (7). This avoided ALDO cross-reacting with GR and hence a 

10 two slope Scatchard plot (20-22). 

[0032] The presence of 1 .0 pM RU28862 reduces the plot to a single line corresponding to type I sites, as does the 
selective ligand for MR, ZK91587. The calculated Ktf for type I sites in different conditions ranges between 0.4 and 1 
nM (Table 1) which is at least eighty times higher than the affinity for type It sites. When the novel synthetic steroid 
210H-60P was added to incubations performed in the presence of ( 3 H)-ALOO. a single binding site with kinetic param- 

15 eters compatible with MR was again observed. This suggests that 2.5 liM 2 1 0H-60P is able to mask the cross reaction 
of ( 3 H)-ALDO with GR. Hill's coefficients (rig) calculated for each condition suggest a lack of allosteric interaction (Table 
1). 

[0033] In agreement with these binding properties, an antagonistic effect of 210H-60P against GC was observed. 
Indeed, Figure 4 shows the novel pregnanesteroid to antagonize TAT induction by corticosterone and decamethasone. 
20 The basal TAT activity in hepatocytes. denominated control in the figure, was measured by adding vehicle (final concen- 
tration: 0.2% ethanoO to the culture. Neither 60P nor 210H-60P facilitate TAT induction (hatched bars) but 100 nM B 
(white bars) and 100 nM DXM (black bars) stimulate enzyme activity between five and six times. 2.5 *iM 210H-60P 
inhibits 80% of TAT induction when concUbated with B or DXM. 

[0034] Figure 5 shows that 210H-60P displaces ( 3 H)-P 4 from uterus- receptors as weakly as the negative control 

25 1 7p-estradiol (Ea). Unlabeled P 4 , in contrast, was able to displace the tracer efficiently. 

[0035] The above data demonstrate that 2 1 -hydroxy-6, 1 9-oxidoprogesterone is also a useful tool to study steroid- 
receptor interactions in systems in which more than one type of receptors is present The RBA for GR refers to the 
mean affinity of C*H) in thymus cytosols (125 nM). In spite of this moderate affinity, 21 OH-60P showed no ability to inter- 
act with MR nor PR. It was also able to block type II receptors in kidney cytosols where GR coexists not only with MR, 

30 but also with a high level of BG of dual origin (an unavoidable contamination by plasma (22, 23) and biosynthesis by the 
kidney (24). Fig. 2-B indicated that 2.5 pM 210H-60P can simultaneously block almost 60% of the CBG binding sites. 
Fig.2 a shows only 75% of tracer displacement instead of the 95% saturation predicted according to mass action, prob- 
ably because of that CBG of dual origin acting as a competitor for GR (22,23). 

[0036] The induction of TAT activity in hepatocytes, triggered by both B and DXM, was be significantly inhibited by 
35 21 OH-6QP. indicating that this novel steroid is potent GC antagonist As it does not cross-react with PR (Fig.5), the oxi - 
dopregnansteroid is a potent selective GR blocking agent. Since most of the antiprogestins and antiglucocorticoids 
available cross-react with other receptors (7), the pure anti-GC steroid of Formula I has been desired for a long time for 
the treatment of diseases, such as the Cushing's syndrome and depression, where a selective, pure antiglucocorticoid 
is needed to antagonize the excess of glucocorticoids which characterize these disorders. 

40 



TABLE 1 



Dissociation constants, apparent number of sites and Hill coefficients tor type I receptors in the presence 

of RU-28362 and 210H-60R 


TRACER 


RECEPTOR TYPE 


IN THE PRESENCE OF 


Kd(nM) 


Q (fmol/mg) 


n H 


( 3 H)-ZK91587 






0.42 


98 


0.91 


( 3 H)-ALDO 






0.44 


104 


0.97 


( 3 H)-ALDO 




10pM RU-28362 


0.72 


124.4 


0.90 


( 3 H)-ALDO 




2.5nM210H-60P 


0.80 


110 


0.88 


( 3 H)-ALDO 


II 




64.4 


2900 


0.86 



(0: Type I sites 
(II): Type II sites 
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Claims 

1 . 21 -hydroxy-6, 1 9-o»doprogesterone of Formula I for use as a medicament. 

2. Use of 21-hydraxy-6,19-oxidoprogesterone d Formula 1 in the manufacture d a medicament for the treatment or 
prophylaxis of diseases associated to an excess d glucocorticoids. 

3. Use according to claim 2. wherein the disease is Cushing's syndrome. 

4. Use according to claim 2, wherein the disease is iatrogenic hypercortisolism. 

5. Use according to claim 2, wherein the disease is depression. 

6. Pharmaceutical compositions comprising 21-hydroxy-6,19-oxidoprogesterone d Formula 1 and one or more suit- 
able carriers thereof 
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TAT Activity (U/1(f cells) 
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Figure 4 
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